Introduction
Acute gastroenteritis is one of the most common diseases in children and adults, and continues to be a significant cause of morbidity and mortality worldwide [3] . Most recently, several viruses related to diarrhea have been discovered in human stool samples, mostly by viral metagenomic strategy. Once emerging viruses related to diarrheal diseases are discovered, there is a need to constantly monitor the prevalence of these viruses in the community for clarification of their clinical significance. Initially, members in Kobuvirus genus, Picornaviridae family, were named according to the basis of their host tropisms. The viruses found in humans called ''Aichi virus'', the viruses from cattle called ''bovine kobuvirus'', and the viruses isolated from pigs called ''porcine kobuvirus'' [21] . However, currently taxonomy of kobuviruses has been proposed by International Committee on Taxonomy of Viruses (ICTV: http://www.ictvonline. org/virusTaxonomy.asp) and the virus species have been renamed [1] . The ''Aichi virus'' has been renamed as ''Aichivirus A'', ''bovine kobuvirus'' has been renamed as ''Aichivirus B'', and ''porcine kobuvirus'' has been changed to ''Aichivirus C'' (Fig. 1) . In addition to these three host species, kobuviruses have also been found in other animal species. The murine kobuvirus 1 and canine kobuvirus 1 are found to be related to the human Aichi virus in Aichivirus A cluster, while sheep kobuvirus 1 is the member of Aichivirus B.
History
The Aichivirus prototype strain was found initially in Aichi prefecture, Japan, in 1989 [30] . The spherical virus-like particles of approximately 30 nm in diameter were detected by electron microscopy (EM) in fecal specimens of oyster-associated nonbacterial gastroenteritis patients. The agents from fecal samples could produce cytopathic effect (CPE) in BS-C-1 cells. By reverse transcriptionpolymerase chain reaction (RT-PCR) or the enzyme-linked immunosorbent assay (ELISA), this new agent was not related to previously known acute gastroenteritis viruses [31] . Therefore, this agent was initially called ''Aichi virus'' as it was firstly detected in Aichi prefecture in Japan. Later, complete nucleotide sequence of Aichi virus strain A846/88 was characterized and the results leaded to the conclusion that Aichi virus should be classified as a new virus in the genus separated from other known genera of the Picornaviridae family and so-called genus ''Kobuvirus'' [33] . The word ''Kobu'' means bump or knob in Japanese, because under EM the morphological characteristic of the virus particle appears to be bumpy [34] .
A prototype strain of bovine kobuvirus or Aichivirus B, named U-1, was first recognized as a new species of kobuvirus in 2003 as a cytopathic agent contaminated in culture medium of HeLa cells that had been used for more than 30 years in the laboratory [29] . The genome organization of the U-1 strain is analogous to that of picornaviruses. Morphologically, the U-1 strain resembles the Aichi virus, while genetically it is relatively distinct [29] . Therefore, the U-1 strain is classified as another species of kobuvirus genus in the Picornaviridae family, and it is called ''bovine kobuvirus'' or ''Aichivirus B''.
Porcine kobuvirus or Aichivirus C has been discovered recently in pigs by two different groups of investigators from Hungary and China [24, 37] . By RT-PCR for the detection of caliciviruses in domestic pigs, the unexpected
Aquamavirus

Kobuvirus
A B C Fig. 1 Relationship between kobuviruses and other picornaviruses based on nucleotide sequences of complete coding region band of PCR products of about 1,100 bp were found in these samples. The nucleotide sequence of the non-specific PCR fragments were determined and found to be similar to the 3CD region of human Aichi virus and bovine kobuvirus [24, 37] . Later, complete nucleotide sequences of porcine kobuvirus strain S-1-HUN from Hungary and Y-1-CHI from China were performed and demonstrated that they were considerably distinct from human Aichi virus and bovine kobuvirus, and then were considered as the third species in the genus Kobuvirus [19, 36] .
Virus classification and biology
The family Picornaviridae is genetically highly diverse, currently comprising 17 genera, many of which consist of several species, subspecies, and genotypes [1] . Kobuvirus is one of a newly recognized genus in the family Picornaviridae. The kobuvirus particle is a small round nonenveloped, approximately 30 nm in diameter. The kobuvirus genome is a single-stranded RNA molecule of about 8.2-8.3 kb long and contains a large open reading frame coding for a single polyprotein [19, 33, 34, 36] . The kobuvirus genome can be divided into three distinct functional protein-encoded regions termed P1 (encoded structural proteins), P2 and P3 (encoded non-structural proteins). The organization of kobuvirus genome consists of VPg, 5 0 UTR, leader protein, 3 structural viral proteins (VP0, VP3, and VP1), 7 nonstructural proteins (2A-2C and 3A-3D), 3 0 UTR, and poly(A) tail. The kobuvirus strains have been isolated from various host species and genetic variability between strains allows the classification of kobuvirus into three different species, Aichivirus A, B, and C ( Fig. 1 ). According to the 9th ICTV report, members in the Aichivirus species should be shared greater than 70 % amino acid (aa) identity in the polyprotein, 70 % aa identity in P1, 80 % aa identity in 2C and 3CD regions [1] . Current taxonomy of kobuvirus demonstrated that Aichivirus A comprises of three distinct members, including Aichi virus 1 (found in humans), canine kobuvirus 1, and murine kobuvirus 1 [12, 18, 30] . Aichivirus B consists of two members, bovine kobuvirus 1 and sheep kobuvirus 1 [20, 29] . For Aichivirus C, only a single type of porcine kobuvirus 1 is identified [24, 37] .
The prototype strain of Aichi virus 1 (A846/88) is cytopathic in African green monkey kidney epithelial cell lines such as BS-C-1 and Vero cell lines. However, bovine kobuvirus and porcine kobuvirus cannot readily be propagated in cell cultures. Up to now, a formal genotype classification system of kobuviruses has not yet been well established, excepted for Aichi virus 1 that found in humans. Based on nucleotide and deduced amino acid sequence analyses, at least 3 genotypes (genotypes A, B, and C) of Aichi virus 1 have been described [2] .
For the viral pathogenesis and evolution, although kobuviruses are thought to be gastrointestinal pathogens as they have been found in fecal samples, the target cells, specific receptors, cell entry process, as well as viral evolutionary mechanism are yet to be understood. One of the evolutionary mechanisms of Aichi virus 1 is thought to be due to viral genome recombination, as the mosaic genomes of Aichi virus 1 can be found in several strains from different countries [5] . Most of the studies on kobuvirus replication have also been conducted for Aichi virus 1. Sasaki et al. [26] demonstrated that a stem-loop structure at the 5 0 end of the genome and L protein play the essential role in the viral RNA replication and encapsidation. In addition, it has been reported that the interaction of 3ABC of P3 protein with the 5 0 terminal region of the genome is involved in negative strand synthesis [14] .
Several studies demonstrated that kobuvirus is transmitted through fecal-oral route or consumption of contaminated food or water. Kobuvirus has been suspected as a causative agent of gastroenteritis in humans and other animal species. Aichi virus 1 was first isolated in stool samples of acute gastroenteritis patients in Japan after consumption of raw oysters [30] . Later, several outbreaks caused by Aichi virus 1 are found to be linked with oyster or seafood consumption [2, 34] . In addition, contaminations of Aichi virus 1 have been found in untreated sewage water [10] . Presumably, the kobuviruses are transmitted primarily via the fecal-oral route, either by person-to-person or by ingestion of contaminated food and water. This hypothesis is supported by the finding of high Aichi virus 1 RNA copy numbers of up to 1.32 9 10 12 per gram of stool in patients suffering from gastroenteritis [4] .
Epidemiology of kobuviruses
Aichivirus A (Aichi virus)
Among Aichivirus A, three distinct members, including Aichi virus 1 (Aichivirus in human), canine kobuvirus 1, and murine kobuvirus 1, have been described. Aichi virus 1 in human is globally distributed and has been identified at low incidence in sporadic acute gastroenteritis cases. Transmission route thought to be fecal-oral transmission. Prevention of Aichivirus A infection, therefore, relies primarily on the provision of clean drinking water, improving personal hygiene, and avoiding consumption of raw, uncooked food. Aichi virus 1 has been reported to be associated with a wide range of clinical illnesses including diarrhea, vomiting, fever, purulent conjunctivitis, and respiratory symptoms. However, serological studies demonstrated that antibody prevalence were rising by age in Japanese population. Approximately 30 % of young adulthood are seropositive for Aichi virus 1 and rapidly increases to 80 % by middle age [31] . The studies in Spain, Germany, and Tunisia also confirm that 70, 76, and 92 % of the populations across all age groups are seropositive against Aichi virus 1 [15, 25, 27] . Since it discovery, Aichi virus 1 has been detected from several outbreaks or acute gastroenteritis patients both in young children and adults. It was reported that Aichi virus 1 antigen was found in stool samples of travelers who returned to Japan from the Southeast Asian countries at about 0.7 % [32] . A report from China reveals that 1.8 % of the specimens collected from hospitalized children in Shanghai were positive for this viral agent [35] . In addition, 28 of 912 fecal specimens from acute gastroenteritis pediatric patients from several countries in Asia including Japan, Thailand, Vietnam, and Bangladesh were positive for Aichi virus 1 at about 3 % [17] . In Europe, the prevalence of Aichi virus 1 has been reported in Finland, France, Hungary, Germany, and Sweden, ranging from 0.5 to 1.5 % [15] . In addition to Asia and Europe, Aichi virus 1 related to acute gastroenteritis in human was also reported from Brazil and Tunisia [15, 28] . Recently, Aichi-like virus 1 have been found in other animal species, such as canine kobuvirus (Canine kobuvirus 1) was found from both healthy and diarrhea domestic dogs [12] , while mouse kobuvirus (Murine kobuvirus 1) was found widely in wild rodents [18] . These three viruses formed the same genetic cluster within Aichivirus A. It is likely possible that kobuviruses are widely distributed among many animal species.
Aichivirus B (Bovine kobuvirus)
Aichivirus B or previously known as bovine kobuvirus was first identified in Japan in cell culture medium when the infected cattle serum was used and the initial molecular epidemiology of Aichivirus B in stool samples of healthy cattle was performed in Japan. It was found that 16.7 % were positive for this viral agent [29] . Since then, Aichivirus B has also been reported from several countries worldwide, including Thailand, Korea, Belgium, Hungary, the Netherlands, Italy, and Brazil [8, 13, 21, 22] . Using RT-PCR technique, an overall prevalence of Aichivirus B varies from 1 to 34.5 %, and the highest prevalence was found in cattle with diarrhea in Korea. In addition, the bovine-like kobuviruses have also been detected recently in domestic sheep in Hungary and black goats in Korea [11, 20] , suggesting that Aichivirus B has a worldwide distribution in ruminants including cattle, sheep, and goat populations.
Aichivirus C (Porcine kobuvirus)
Aichivirus C or porcine kobuvirus is widely distributed in pigs in several countries such as the USA, Hungary, Italy, the Czech Republic, the Netherlands, Brazil, China, Korea, Japan, and Thailand [21] . The presence of Aichivirus C in pigs has been evaluated primarily in stool samples of both diarrhea and healthy animals. However, recent studies have demonstrated that Aichivirus C genomes have also found in serum samples, indicating that viremia has occurred in domestic pigs [21] . In addition to direct fecal-oral transmission, the possibility of Aichivirus C transmission through breast-feeding, bloodborne, foodborne, and zoonotic infections, as well as the clinical significance of this viral agent remain unclear. Aichivirus C has been found in both diarrhea and healthy pigs and the positive rate of this virus varies from 3.9 up to 100 %. It was reported that Aichivirus C was found with high prevalence in wild boars in Hungary. The finding suggests that wild boars could also be an important host and reservoir for kobuvirus [23] .
The evidences of zoonotic infection or interspecies transmission of bovine kobuvirus to pig was documented [19] recently [6, 7, 16] . The factors that promote interspecies transmission are poorly understood, however, it could be possible that close contact between different animal species may increase chance of the occurrence of interspecies transmission. The study from Japan demonstrated that one specimen (H023/2009/JP) from 6 months old pig in Hokkaido was positive for kobuvirus by RT-PCR. Sequence and phylogenetic analysis of the H023/2009/JP revealed that this virus strain was most closely related to bovine kobuvirus than with porcine kobuvirus. The finding implies that interspecies transmission of bovine kobuvirus to pigs or vice versa might occur in nature [6, 16] .
Kobuvirus detection
For the detection of kobuviruses, several methods are available. These include EM, EIA, ELISA, RT-PCR, realtime PCR, and nucleic acid sequence analysis. Among these methods, RT-PCR, and nucleic acid sequence analysis are widely used for the detection and genotyping of kobuviruses. Initially, screening primers specific for Aichivirus A and Aichivirus B have been designed separately. Later, consensus kobuvirus primers have been designed based on the conserved sequences of the three species including Aichivirus A, B, and C [19] . The oligonucleotide primers used for the detection of Aichiviruses are summarized in Table 1 .
Conclusions and future perspectives
Diarrhea is one of the most common illnesses in humans and animals worldwide. In recent years, several novel viruses have been discovered. The recent applications of molecular methods for screening and characterization of kobuviruses reveal the greater prevalence, genetic diversity, and heterogeneity in their epidemiology. The discovery of kobuviruses, including Aichivirus A, Aichivirus B, and Aichivirus C reveal the linkage or may play a role as the causative agents of these viruses to gastroenteritis diseases. The accumulated data of the biological, pathological, as well as epidemiological studies of the viruses in the genus kobuvirus are still limited. Comprehensive global investigations of the prevalence and diversity are required and will be helpful for providing further insight into pathogenicity, genetic heterogeneity, interspecies transmission, and global distribution of kobuviruses.
